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CHAPTER  1 


INTRODUCTION 


1 . PURPOSE 

The  purpose  for  preparing  this  handbook  series  is  fourfold:  (a)  to 
validate  performance  data  quickly,  (b)  to  reduce  the  manpower  and  time 
to  prepare  accurate  flight  profiles,  (c)  to  standardize  performance 
data  so  that  the  analysis  community  can  benefit  from  a single  reference 
in  conducting  studies  and  (d)  to  provide  a handbook  that  can  be  used 
for  training  in  the  mission  profile  planning  area. 

2.  BACKGROUND 

The  data  contained  in  this  Flight  Profile  Performance  Handbook  (FPPH) 
series  was  originally  acquired  as  a data  base  for  the  Aircraft  Mission 
Processing  Simulation  (AMPS)  model.  AMPS  is  a computer  program  developed 
by  the  Aviation  Systems  Analysis  Branch  of  the  US  Army  TRADOC  Systems 
Analysis  Activity  (TRASANA)  to  support  Cost  and  Operational  Effectiveness 
Analyses  (COEAs).  AMPS  generates  detailed  flight  profiles  for  a wide 
variety  of  helicopter  missions.  The  data  was  provided  TRASANA  by  the 
Army  Aviation  Research  and  Development  Command  (AVRADCOM)  and  was  the 
most  accurate  data  available  to  AAVRADCOM  at  the  time  of  handbook  publi- 
cation. In  structuring  the  data  base  for  AMPS  it  was  noted  that  the 
data,  when  properly  organized,  could  provide  a method  of  doing  quick  and 
simple  flight  profile  simulations.  This  volume  contains  an  overview  of 
the  other  volumes,  explains  how  the  data  was  analyzed,  how  it  Is  presented 
and  how  it  can  be  used. 

3.  OBJECTIVES  OF  THE  HANDBOOK 

a.  Data  Validation.  The  other  volumes  of  this  handbook  series,  one 
for  each  A/C,  contain  tables  with  the  precise  performance  data  and  format 
required  to  develop  flight  profiles  for  computer  simulations.  Using  the 
handbooks  as  a reference,  the  individual  project  manager  (PM)  will  be 
able  to  quickly  validate  or  update  as  required  all  associated  data  con- 
tained In  the  different  tables.  If  this  procedure  is  followed  by  the 
various  PMs,  support  of  Helicopter  COEAs  and  other  analyses  can  be 
efficiently  implemented. 

b.  Flight  Profile  Development.  Much  of  the  manpower  and  time  spent 
in  preparing  flight  profiles  for  supporting  aircraft  COEAs  is  dedicated 
to  look-up,  correlation  and  validation  of  performance  data.  Once  the 
procedure  contained  in  this  handbook  is  Implemented,  flight  profiles  can 
be  easily  prepared.  What  normally  took  one  man  4 to  5 days  to  prepare 
can  now  be  prepared  in  3 to  4 hours. 


c.  Standardization  of  Performance  Data.  Each  of  the  PMs  has  been 
contacted  by  AVRADCOM  to  validate  the  performance  data  contained  in 
each  handbook  in  this  series.  Once  each  handbook  is  published,  the 
data  contained  will  be  kept  current  as  of  the  publication  data.  Since 
the  requests  for  current  information  are  constantly  being  forwarded  to 
the  PMs  by  analysis  groups,  this  handbook  can  be  a reference  and  assure 
a commonality  in  studies  within  the  community. 

d.  Training  for  Planning  Missions  and  FI light  Profiles.  For  training 
purposes  each  handbook  can  stand  alone.  It  is  only  a matter  of  following 
the  example  provided  and  applying  the  proper  data  to  fit  the  flight 
profile  desired.  Although  the  example  shown  Is  simplistic,  the  methodo- 
logy may  be  expanded  to  apply  to  any  flight  profile,  no  matter  how  complex. 

4.  OTHER  VULUMES 


This  handbook  is  the  first  of  a series  that  covers  the  helicopters  in  the 
US  Army  inventory.  The  complete  set  of  handbooks  and  their  subjects  are: 

Volume  I - FPPH  Description 

Volume  II  - UH-bUA  (BLACK HAWK) 

Volume  III  - AH-lli  (COBRA) 

Volume  IV  - AH- IS  (COBRA) 

Volume  V - YAH-64  (Advanced  Attack  Helicopter  LAAH]) 

Volume  VI  - 0H-S8C  (KIOWA) 

Volume  VI 1 - CH-47  (CHINOOK) 

Volume  VIII  - CH-S4  (TARHE) 

Volume  IX  - UH-1H  (HUEY) 

S.  GENERAL  HANDBOOK  DESCRIPTION 


a.  Performance  Data.  The  data  contained  In  these  volumes  Is  per- 
formance  data  compiled  from  the  results  of  actual  experiments.  It  Is 
not  engineering  data  and  is  not  Intended  to  serve  as  a base  for  future 
helicopter  construction  or  acquisition.  The  more  mature  a particular 
helicopter  is,  the  less  likely  there  will  be  a change  In  the  basic  per- 
formance data. 
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b.  Handbook  Organization.  This  volume  is  the  first  of  a series  of 
volumes  as  identified  in  paragraph  4 above.  Volume  I is  a description  of 
the  methodology  used  to  develop  the  tables  for  each  of  the  other  volumes. 
All  other  volumes  follow  a similar  format.  Chapter  1 is  an  introduction 
followed  by  the  development  of  a simplified  flight  profile  example  in 
Chapter  2.  Chapter  3 provides  an  explanation  of  each  of  the  five  types 
of  data  tables  contained  in  the  handbook.  The  five  types  of  tables  deal 
with:  (1)  Basic  Fuel  Flow  Data,  (2)  Delta  Fuel  Flow  for  Drag  Data, 

(3)  Ground  Idle  Fuel  Flow  Data,  (4)  Gross  Weight  Limits  Data  and 
(5)  Velocity  Limits  Data.  Chapter  4 contains  the  actual  tables  to  be 
used  for  developing  flight  profiles. 
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CHAPTER  2 


PERFORMANCE  DATA  TABLE  DESCRIPTIONS 


1 . GENERAL 

This  chapter  provides  examples  of  the  data  and  calculations  necessary  to 
develop  a mission  flight  profile.  The  five  types  of  tables,  Basic,  Drag, 
Idle,  Cross  Weight,  and  Velocity  are  discussed  in  detail  in  the  following 
paragraphs. 

2.  BASIC  FUEL  FLOW  DATA 

a.  The  basic  rate  of  fuel  flow  is  determined  by  five  variables: 

( 1 ) Type  of  aircraft 

(2)  Altitude  (air  pressure)* 

(3)  Temperature** 

(4)  Cross  weight*** 

( b ) FI ight  mode 

b.  Tables  2-1  through  2-4  are  examples  of  basic  fuel  flow  taken 

from  Volume  II,  BLACKHAWK.  The  first  two  variables,  listed  above,  are 
helo  constant  and  appear  In  the  heading  of  each  table,  i.e.,  (1)  type 

of  aircraft  and  (2)  altitude.  The  third  variable,  (3)  temperature  is 
different  for  each  table  in  the  set  (-25°C,  -5°C,  15°C  and  35°C).  This 
factor  also  appears  In  the  table  heading. 

c.  This  combination  of  altitude  (sea  level,  2000',  4000',  6000', 

B000 ' , and  10,000')  and  temperature  (-25°C,  -S°C,  15°C  and  35°C)  produces 
24  tables  of  basic  fuel  flow  for  each  aircraft. 

d.  Each  table  displays  the  fuel  flow  rate  In  lbs/hr,  depending  on 
gross  weight  and  flight  mode. 

e.  For  the  BLACKHAWK  helicopter  the  tables  contain  five  fixed  rows 
corresponding  to  gross  weights:  12,000  lbs,  14,000  lbs,  16,000  lbs, 
18,000  lbs,  and  20,000  lbs.  Tables  for  other  helicopters  may  have  a 
different  number  of  rows  for  different  gross  weights,  but  the  rows  for 
fuel  flow  tables  will  always  be  fixed  gross  weights. 


*A ll  altitudes  or  air  pressures  are  feet  above  sea  level. 

**For  simplicity,  all  temperatures  are  considered  to  be  the  average 
temperature  in  which  the  helicopter  is  operating  (Degrees  Centigrade). 
***Total  vehicle  weight  in  pounds. 
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f.  The  ten  fuel  flow  columns  are  for  fixed  flight  modes.  The  first 
column  is  Hover  In  Ground  Effect  (HIGE).  For  practical  use  of  this 
handbook  each  helicopter  will  have  a maximum  height  at  which  HIGE  Is 
applied.  For  example,  the  BLACKHAWK  examples  used  in  this  volume  have 

a maximum  height  of  2 feet. 

g.  The  second  column  is  Hover  Out  of  Ground  Effect  (HOGE).  This 
is  any  hover  above  the  maximum  HIGE  height. 

h.  The  third  column  Is  Nap  of  the  Earth  (NOE).  This  is  defined  as 
flight  from  0 to  40  kts  with  varying  altitudes. 

1.  The  remaining  columns  are  for  given  airspeeds*  (In  kts)  as  the 
flight  mode.  The  BLACKHAWK  tables  have  seven  listed  airspeeds  (in  the 
range  from  40  kts  to  160  kts).  The  tables  for  other  helicopters  may  vary 
in  number  of  columns  but  the  first  three  columns  are  always  HIGE,  HOGE 
and  NOE  while  the  remaining  rows  are  for  the  listed  airspeeds. 

j.  The  basic  fuel  flow  data**  Is  the  major  information  used  from  the 
table  in  simulating  a flight  profile.  For  example,  assume  a pilot's 
flight  path  calls  for  30  minutes  of  flight  at  80  kts  airspeed,  2000  ft. 
altitude,  15°C  and  a gross  weight  of  18,000  lbs  In  a UH-60A  helicopter. 

The  table  labeled:  BLACKHAWK,  Pressure:  2000  ft.  Temperature:  15°C, 
(Table  2-3),  shows  that  the  helicopter  will  use  739  lbs/hr  of  fuel. 

So,  for  1/2  hour,  370  lbs  will  be  used. 

k.  If  the  helicopter's  gross  weight  was  17,000  lbs  Instead  of 
18,000,  17,000  lbs  could  not  be  directly  read  from  the  table.  But  by 
finding  16,000  lbs  - 696  lbs/hr  and  18,000  lbs  - 739  lbs/hr,  and  Inter- 
polating*** between  these  values,  the  basic  fuel  flow  rate  for  17,000  lbs 
can  be  determined  as  718  lbs/hr.  In  this  example,  for  30  minutes,  359  lbs 
of  fuel  would  be  used. 

l.  As  altitude  and/or  temperature  changes  occur,  different  tables 
are  used  to  look  up  the  aircraft's  basic  fuel  flow  rate  for  each  leg  of 
the  flight  path.  It  Is  also  possible  to  Interpolate  between  tables.  In 
the  original  example  suppose  the  gross  weight  Is  changed  back  to  18,000  lbs 
and  the  temperature  Is  changed  to  25°C.  There  is  no  table  labled  BLACKHAWK 
Pressure  2000  ft.  Temperature  25°C.  To  find  the  25°C  fuel  flow  rate  two 
tables  are  used  since  25°C  falls  between  Table  2-3  and  Table  2-4.  The 
fuel  flow  rate  at  15°C  is  739  Ibs/hr  and  the  fuel  flow  rate  at  35°C  Is 

751  Ibs/hr.  (The  Intersection  of  Gross  Weight;  18,000  lbs  and  Airspeed 
80  kts  on  both  tables.)  Thus  Interpolation  between  739  lbs/hr  (15°C) 
and  751  lbs/hr  (35°C)  gives  a fuel  flow  rate  of  745  lbs/hr  (25°C). 


*All  references  to  airspeeds  are  to  true  airspeeds. 

**The  basic  fuel  flow  data  represents  a clean  drag  configuration  with  all 
doors  closed,  no  wing  stores,  and  no  external  sling  loads. 

A**All  references  to  interpolation  are  linear  interpolations. 
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3.  DELTA  FUEL  FLOW  FOR  DRAO  DATA 


a.  The  delta  fuel  flow  for  drag  Is  determined  by  five  variables: 

(1)  Type  of  aircraft 

(2)  Altitude  (air  pressure) 

(3)  Temperature 

(4)  Drag  surface  (equivalent  flat  plate  drag  area  [ft  ]) 

(5)  Air  speed 

b.  Tables  2-5  through  2-8  are  examples  of  delta  fuel  flow  for  external 
load  drag  tables  taken  from  the  BLACKHAWK  volume.  In  these  tables  the 
rows  are  for  fixed  values  of  drag  In  equivalent  flat  plate  drag  area.  The 
fixed  values  for  the  BLACKHAWK  examples  shown  are  25,  26  and  54  square  ft. 
of  drag.  These  external  sling  loads  are  of  average  size  when  compared 

to  normal  external  loads  of  other  helicopters.  The  columns  are  forward 
airspeeds  in  knots.  For  the  BLACKHAWK  helicopter  these  are  40,  60,  80, 

100,  120,  140,  and  160  kts. 

c.  When  an  external  load  Is  placed  on  the  helicopter,  the  amount  of 
fuel  consumed  per  hour  Increases.  The  delta  fuel  flow  for  drag  tables 
indicate  how  much  extra  fuel  consumption  to  add  to  the  basic  fuel  flow 
rate. 


d.  Using  the  example  given  earlier,  a 30  minute  flight  at  80  kts 
airspeed,  2000  ft  altitude,  15°C  temperature,  and  a gross  weight  of 
18,000  lbs  In  the  BLACKHAWK  aircraft  would  give  (from  Table  2-3)  a basic 
fuel  flow  rate  of  739  lbs/hr  or  370  lbs  per  30  minutes.  If  part  of  the 
load  was  an  external  sling  load  Inducing  a 36  equivalent  sq  ft  external 
drag,  the  Delta  Fuel  Flow  for  Drag  from  Table  2-7  (56  lbs/hr)  should  be 
added  to  the  basic  fuel  flow  rate.  Thus  the  fuel  flow  rate  becomes 

739  + 56  or  795  lbs  per  hour.  For  a half-hour  flight  398  lbs  of  fuel 
Is  used  Instead  of  370  lbs  without  an  external  load. 

e.  Interpolation  can  also  be  used  on  the  delta  fuel  flow  for  drag 
tables  If  the  desired  rate  Is  not  directly  listed  In  the  table. 

f.  Similar  to  the  basic  fuel  flow  tables,  there  are  also  24  tables 
for  delta  fuel  flow  for  drag  presented  In  each  of  the  other  eight  volumes. 
The  same  24  combinations  of  temperature  and  altitude  are  used  for  delta 
fuel  flow  for  drag  as  were  used  for  the  basic  fuel  flow. 
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TABLE  2-9 


4.  GROUND  IDLE  FUEL  FLOW  DATA 


a.  The  ground  idle  fuel  flow  rate  Is  determined  by  three  variables: 

(1 ) Type  of  aircraft 

(2)  Altitude  (air  pressure) 

(3)  Temperature 

b.  For  each  aircraft  there  is  only  one  ground  idle  fuel  flow  table. 
Each  table  has  four  rows  of  temperatures:  -25°C,  -5°C,  15°C  and  35°C; 
and  six  columns  of  altitudes:  Sea  Level,  2000  ft.,  4000  ft.,  6000  ft., 

8000  ft.,  and  10,000  ft.  These  rows  and  columns  have  the  same  headings 
for  al 1 hel icopters. 

c.  Table  2-9  is  the  ground  idle  fuel  flow  table  for  the  BLACKHAWK 
helicopter.  An  example  of  using  the  ground  Idle  fuel  flow  table  is 
presented  using  a BLACKHAWK  helicopter  idling  for  20  minutes  at  2000  ft 
altitude  and  15°C.  Looking  across  the  row  labeled  15°  and  down  the 
column  labeled  2000  they  Intersect  at  509.  Thus  the  BLACKHAWK  uses 
509  lbs/hr  at  these  conditions;  therefore,  idling  for  20  minutes  (1/3 
of  an  hour)  it  will  use  170  lbs  of  fuel. 

d.  If  the  helicopter  was  only  1000  ft  above  sea  level,  the  conscrip- 
tion rate  is  found  by  interpolating  between  the  sea  level  rate  of  549  lbs/hr 
and  the  2000  ft  rate  of  509  lbs/hr.  This  rate  is  529  lbs/hr.  In  1/3  of 

an  hour  176  lbs  of  fuel  is  used.  In  the  same  way.  If  the  desired  tempera- 
ture Is  not  listed.  Interpolate. 

5.  GROSS  WEIGHT  LIMITS  DATA 

a.  Gross  weight  limits  tables  (Tables  2-10  through  2-15)  show  if  the 
aircraft  can  safely  take  off  using  four  sets  of  criteria.  These  criteria 
are  defined  in  the  following  paragraphs: 

(1)  Criteria  #1:  The  helicopter  uses  100%  of  maximum  power  for  take 

off  and  has  enough  power  to  lift  straight  up  and  out  of  ground  effect 

(see  Figure  2-1).  Once  It  is  hovering  out  of  ground  effect  it  must  begin 
forward  flight  until  It  acquires  transitional  lift  to  be  able  to  climb 
450  ft/ml n to  the  desired  altitude.  This  criteria  Is  considered  to  have 
some  risk  since  the  pilot  Is  using  all  of  his  power  and  has  no  reserve. 

It  has  less  risk  than  Criteria  #3  but  more  than  Criteria  #2,  thus  it  Is 
considered  to  be  "middle  of  the  road"  for  risk. 

(2)  Criteria  #2:  The  helicopter  uses  95%  of  maximum  power  for  take 

off  to  Immediately  begin  to  climb  at  a rate  of  450  ft/mi n (Figure  2-1). 

This  Is  the  least  risky  criteria  since  the  pilot  has  5%  of  his  power  In 
reserve  and  Is  still  able  to  climb  at  a satisfactory  rate. 
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CRITERIA  #1 
(MIDDLE  OF  THE  ROAD) 


CRITERIA  #2 
(LEAST  RISKY) 

95%  OF  RATED  POWER.  VERTICAL  RATE  OF  CLIMB  450  FT/M  IN.  HOGE 


CRITERIA  #3 
(MOST  RISKY) 


100%  MAX  POWER.  HIGE 


• Figure  2-1 
18 


(3)  Criteria  #3:  The  helicopter  uses  1002.  of  maximum  power  and  is 
only  able  to  hover  in  ground  effect  (Figure  2-1).  At  a low  altitude, 
the  pilot  must  begin  forward  flight  until  he  builds  up  enough  airspeed 
to  acquire  transitional  lift  and  begin  to  climb.  The  reasons  for  its 
high  risk  are  readily  apparent.  First,  there  is  no  power  in  reserve. 
Secondly,  forward  flight  starts  at  a very  low  altitude. 

(4)  Criteria  #4:  Structural  Gross  Weight  Limit  is  the  total  upper 
limit  of  gross  weight  the  helicopter  can  carry  under  any  take  off 

cri teria. 

b.  Gross  Weight  Limits  are  determined  by  four  variables: 

(1 ) Type  aircraft 

(2)  Criteria  chosen 

(3)  Altitude  (air  pressure) 

(4)  Temperature 

c.  Additionally,  Criteria  #1,  #2,  and  #3  differ  due  to  engine  power 
limits  or  transmission  power  limits  of  the  aircraft.  Thus,  there  are 

six  tables  for  these  3 criteria: 

(1)  Criteria  #1  (due  to  engine)  [Table  2-10] 

(2)  Criteria  #1  (due  to  transmission)  [Table  2-11] 

(3)  Criteria  #2  (due  to  engine)  [Table  2-12] 

(4)  Criteria  #2  (due  to  translmi sslon)  [Table  2-13] 

(5)  Criteria  #3  (due  to  engine)  [Table  2-14] 

(6)  Criteria  #3  (due  to  transmission)  [Table  2-15] 

d.  The  structural  gross  weight  limit  is  a single  value  for  each  heli- 
copter and  Is  only  dependent  on  the  type  helicopter.  The  BLACKHAWK 
structural  gross  weight  limit  Is  20,250  lbs  and  is  listed  at  the  bottom 

of  each  table.  As  the  name  implies,  it  Is  simply  not  safe  to  expect  the 
BLACKHAWK  to  maneuver  normally  when  the  total  weight  Is  larger  than  that 
value. 

e.  In  simulating  a flight  profile,  the  gross  weight  limits  tables  are 
used  as  a check  to  see  If  the  aircraft  Is  going  to  be  too  heavy  to  take 
off  under  the  given  conditions.  For  example,  if  a BLACKHAWK  pilot  planned 
a mission  that  called  for  using  take  off  criteria  #1  and  the  take  off  was 
to  be  at  6000  ft.  15°C,  and  at  a gross  weight  of  18,300,  three  checks 
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TABLE  2-13 


* 

•o 

IS 


fX3 

O' 


I 

CM 


3 


Cj 

co 

O 

O' 

o 

o 

•« 

04 

<6 

>0 

O, 

~0 

o 

in 

« 

r* 

«© 

<4 

in 

IS 

04 

IS 

04 

o] 

o 

o 

o 

in 

n 

a 

CO 

IS 

<o 

>0 

fv 

r* 

>o 

S) 

•• 

IS 

IS 

IS 

IS 

_ 

L 

ui 

►- 

o 

a* 

o 

— 

19 

u. 

a 

9* 

00 

n 

n 

** 

o 

n 

K 

IS 

m 

X 

IT 1 

co 

r* 

r* 

>o 

in 

Z 

— * 

Ui 

is 

is 

IS 

IS 

*- 

o 

< 

< 

o 

mm 

X 

o 

3 

X 

in 

X 

Ui 

•o 

1 

in 

Ui 

at 

1 

-J 

*-• 

f- 

o 

X 

o, 

CO 

CO 

m 

IS 

X 

*-• 

X 

3 

* 

o" 

<o 

o 

co 

K 

in 

X . 

■< 

< 

a 

<► 

n 

co 

IS 

X 

z 

u 

X 

• 

X 

co 

00 

K 

19 

< 

3 

* 

Ui 

IS 

IS 

IS 

IS 

w 

X 

►- 

u 

X 

Ul 

►- 

u. 

»•* 

u. 

< 

3 

o 

X 

X 

-J 

in 

o 

Ui 

< 

X 

a 

in 

in 

X 

1-1 

Ui 

-1 

04 

mm 

in 

O' 

in 

< 

X 

X 

Ul 

m 

or 

w 

o 

Ui 

►- 

u. 

X 

> 

m 

O' 

n 

CO 

(X 

3 

o 

< 

Ui, 

•> 

00 

co 

19 

Q 

X 

-Jj 

04 

<s 

IS 

IS 

o 

0 1 

u. 

o 

< 

I/I 


Ui 

Ui 

ae 

o 

3 

m 

< 

»- 

Ui 

oe 

« 

Ui 

OC 

K 

*— • 

Ui 

V# 

►- 

a. 

Ui 

z 

X 

o 

Ui 

Ul 

u 

in 

<c 


z 
> •- 


19 

Ui 


in 

4/1 

O 

X 

19 


X 

U 

X 


X 


in 

Ui 


in 

CD 


O 
til 
• fs 


X 

19 


Ul 


in 

in 

o 

X 

19 


VJ 

3 

X 

h- 

in 


would  be  required:  First,  does  this  gross  weight  exceed  the  structural 
gross  weight  limit?  Second,  does  It  exceed  Criteria  #1  (due  to  engine)? 
Third,  does  It  exceed  Criteria  #1  (due  to  transmission)?  In  the  example 
given,  the  answer  to  all  three  questions  Is:  "No."  So  the  take  off 
would  not  exceed  the  limits  of  the  aircraft. 

f.  If  the  assigned  gross  weight  had  been  19,000  lbs.  It  would  have 
exceeded  the  value  given  for  6,000  ft.  and  15°C  at  Criteria  #1  (due  to 
engine).  The  mission  could  not  be  flown  as  planned.  The  plan  could  be 
changed,  for  example;  take  off  at  4000  ft  (which  might  not  be  practical), 
or  use  take  off  Criteria  #3  (which  is  more  risky  but  has  higher  limits). 

g.  If  the  assigned  gross  weight  had  been  20,300  lbs,  it  would  have 
exceeded  the  structural  limits.  Here  the  only  choice  would  be  to 
lighten  the  load  or  get  another  type  helicopter. 

6.  VELOCITY  LIMITS  DATA 

a.  There  are  various  types  of  data  given  in  these  tables  (Tables  2-16 
through  2-19),  but  like  the  gross  weight  limits  tables,  they  are  primarily 
restraints  on  what  can  be  expected  of  a helicopter  In  simulating  a mission 
profile.  Information  listed  In  the  title  and  headings  for  the  rows  and 
columns  conslts  of: 

(1)  Type  of  aircraft 

(2)  Air  pressure  (altitude) 

(3)  Temperature 

(4)  Gross  weight 

(5)  Condition  or  limit 

b.  Items  (1)  through  (4)  are  self-explanatory.  There  are  five  types 
of  Information  that  can  be  listed  under  (5): 

(1)  Long  range 

(2)  Maximum  continuous  power 

(3)  Maximum  power  (due  to  engine  limits) 

(4)  Transmission  limits 

(5)  Vne  (velocity  never  exceed) 

c.  The  two  columns  headed  Long  Range  give  the  optimum  speed  and  fuel 
flow  for  each  set  of  variables.  Thus,  the  BLACKHAWK  helicopter  operating 
at  2000  ft,  temperature  15°C,  and  having  a gross  weight  of  18,000  lbs 
will  fly  the  greatest  distance  at  138  kts  and  will  use  964  lbs/hr  of 

fuel  (Table  2-18). 
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d.  Maximum  continuous  power  gives  the  top  speed  at  which  a helicopter 
can  fly  for  long  periods  and  the  associated  fuel  flow  rate.  An  example 
from  Table  2-19  would  be  a BLACKHAWK  helicopter  at  2000'  and  35°C  weighing 
20,000  lbs.  It  could  fly  141  kts  with  a fuel  usage  of  1014  lbs/hr. 

e.  Maximum  Power  (Engine)  and  Transmission  Limits  show  the  maximum 
speeds  the  aircraft  can  structurally  attain  for  short  periods  of  time 
(less  than  30  minutes).  Thus,  the  BLACKHAWK  helicopter  at  2000'  and 
-25°C  weighing  16,000  lbs  has  an  engine  that  Is  capable  of  producing 
enough  power  to  fly  160  kts  but  the  transmission  limits  the  aircraft  to 
156  kts  (Table  2-16). 

f.  There  Is  also  a possibility  of  some  helicopters  reaching  a 
velocity  that  should  never  be  exceeded  which  Is  determined  by  helicopter 
structural  considerations.  For  some  aircraft  the  Vne  has  not  been 
established.  In  those  volumes  Vne  will  not  be  Included.  Where  the  Vne 
Is  Included  It  Is  used  like  the  Maximum  Power  columns  to  give  an  air 
speed  that  should  not  be  exceeded. 

g.  For  each  aircraft,  there  are  24  Velocity  Limits  Tables  depending 
on  air  pressure  and  temperature  combinations. 
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TABLE  2-16 


TABLE  2-18 


TABLE  2-19 


CHAPTER  3 


METHODOLOGY  DEVELOPMENT 
GRAPHICAL  ANALYSIS 


1 . GENERAL 

After  AVRADCOM  supplied  the  data  for  the  various  helicopters.  It  was 
analyzed  for  errors  and  the  Interpolation  procedure  was  checked  by 
calculating  points  between  the  known  data  points.  The  first  analysis 
was  to  graph  the  data  across  various  fixed,  dependent  and  Independent 
variables.  This  chapter  describes  this  analysis. 

2.  BASIC  FUEL  FLOW  GRAPHS  (Figures  3-1  through  3-10) 

a.  The  basic  fuel  flow  data  was  given  a rigorous  analysis  since  It 
was  the  most  Important  and  the  most  sensitive.  The  first  four  figures 
(Figures  3-1  through  3-4)  are  plots  of  the  data  as  It  was  received. 

These  four  graphs  show  the  plots  of  the  basic  fuel  flow  tables  that  were 
given  In  Tables  2-1  through  2-4.  Of  the  five  variables  that  determine 
basic  fuel  flow,  three  are  held  fixed  (aircraft,  altitude  and  temperature), 
and  one  Is  Independent  (flight  mode).  The  rate  of  fuel  flow  Is  plotted 
for  each  set  of  gross  weights.  The  y-axls  Is  the  rate  of  fuel  flow  In 
pounds  per  hour.  The  x-axIs  Is  the  flight  mode  of  the  aircraft  In  knots. 

To  avoid  different  scales  for  HIGE,  HOGE,  NOE  and  forward  flight  the 
following  arbitrary  "speeds"  were  assigned  for  presentation  purposes 
only: 


(1) 

HIGE 

- 0 to  10  kts 

(2) 

HOGE 

- 10 

to  20  kts 

(3) 

NOE 

- 20 

to  40  kts 

b.  Each  figure  presents  the  fuel  flow  rates  for  five  different  gross 
weights  at  a given  altitude  and  temperature.  For  example,  the  plot 
labeled  "A:  Is  the  plot  for  12,000  lbs.  These  labels  are  further  explained 
by  the  heading  on  the  figure.  The  figure  heading  also  Identifies  the 
aircraft,  the  temperature  and  the  pressure  (altitude)  for  each  figure. 

c.  This  set  of  figures  shows  the  accuracy  of  the  data  In  several 
ways.  The  different  gross  weight  curves  are  all  approximately  the  same 
type  of  curve.  There  Is  a fairly  even  increment  between  curves.  The 
curves  are  In  general  smooth,  all  of  which  reflect  the  consistency  of 
the  data.  This  also  assures  that  values  not  stated  in  the  tables  can  be 
found  accurately  by  Interpolation. 


ACKHAWK  FUEL  FlOH  KATE  AT  PRESSURE *2  .COO  FT.  T£mp:  -25  C 
0 LBS  B=1 4 .000  LBS  C-16.000  LBS  D=10.OOO  LBS  E-20.000  LBS 


BLACKHAWK  FUEL  FLOW  RATE  AT  PRESSURE  ? 2 .000  FT  . TEMP  t 35  C 
A=12.00C  LBS  8=14,000  LBS  C=16.000  LBS  0=18.000  LBS  E=20.000  LBS 


Figure  3-4 


LSCKHflWK  FUEL  FLOW  RPTt  HI  CROSS  WE  I GHT > 20 = GCC  LOS  PRESSURE’ 

h-HIGl.  5-HCGE . C-NOE 


TtMDERPTuRE  IN  DECREES  C E N T I 3RP0E 


frlOCKHRU*  F(JE!  r L_CU  RPTEi  PT  PRESSURE  ■ SEP  LEVEL 
R--HIGE.  5 = H3GE  . C--NOE  . 0-40KTS  E.-SC 
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Figure  3-7 


BLflCKHflWK  FUEL  ~LCU  RaTE  flT  CROSS 
F-3CKTS  G- 1G0KTS  H-lTOKTS 


PRESSURE  RlTITUCE  IN  FEET 


d.  Although  only  four  figures  are  actually  reproduced  here  as 
examples,  all  of  the  data  was  graphically  compared  In  this  manner  on 
a total  of  24  different  figures. 

e.  Figures  3-5  and  3-6  show  plots  of  rate  of  fuel  flow  vs  temperature. 
These  help  to  determine  if  any  error  Is  present  in  the  original  data. 

The  fact  that  the  plots  are  nearly  straight  lines  also  validates  inter- 
polation for  unknown  points,  as  a function  of  temperature.  Only  two 
representative  graphs  are  shown.  The  entire  graphical  analysis  took 
bu  plots  for  the  BLACKHAWK  data. 

f.  Figures  3-7  and  3-8  are  examples  of  plotting  fuel  flow  rate  vs 
gross  weight.  The  near  straight  line  plot  gives  evidence  of  the  accuracy 
of  interpolation  across  gross  weight  and  the  uniformity  of  the  data.  This 
form  of  graphical  analysis  resulted  in  48  plots  to  analyze  all  the 
BLACKHAWK  data.  The  two  figures  are  representative  samples  of  the  com- 
plete set. 

g.  Figures  3-9  and  3-10  are  examples  of  plotting  fuel  flow  rate  vs 
air  pressure  (altitude).  These  straight  line  plots  show  that  Inter- 
polation across  air  pressure  Is  accurate  and  the  data  is  uniform.  In 
the  same  manner  a total  of  40  such  plots  were  completed  for  the  BLACKHAWK 
data. 


3.  DELTA  FUEL  FLOW  GRAPHS  (Figures  3-11  through  3-14) 

Figures  3-11  through  3-14  are  plots  of  the  data  as  supplied  by  AVRADCOM. 
These  four  graphs  correspond  to  the  examples  given  In  Tables  2-5  through 
2-8.  Each  figure  has  three  plots  corresponding  to  drags  of  25,  36  and 
54  ft^  equivalent  flat  plate  area.  Each  figure  Is  for  a set  of  conditions 
of  pressure  and  temperature.  The  y-axis  Is  the  change  In  fuel  flow  In 
pounds  per  hour.  The  x-axIs  Is  the  flight  speed  in  knots.  The  uniform 
nature  of  the  curves  assures  the  consistency  of  the  data.  All  24  sets 
of  the  delta  fuel  flow  for  drag  were  plotted  In  the  same  manner  for  each 
of  the  helicopters. 

4.  GROUND  IDLE  FUEL  FLOW  GRAPH  (Figure  3-15) 

The  ground  Idle  fuel  flow  table  for  the  BLACKHAWK  aircraft  Is  plotted  In 
Figure  3-15.  This  corresponds  to  the  data  given  In  Table  2-9.  The 
curves  are  plotted  for  fuel  flow  rate  vs  altitude  for  four  different 
temperatures.  Since  the  curves  are  nearly  straight  lines.  Interpolation 
can  be  made  across  altitude  and/or  temperature  with  accurate  results. 

5.  GROSS  WEIGHT  LIMIT  GRAPHS  (Figures  3-16  through  3-21) 

Figures  3-16  through  3-21  are  plots  of  the  gross  weight  limit  tables  from 
Tables  2-10  through  2-15.  The  uniform  straight  lines  plots  emphasize 
both  the  lack  of  error  In  recording  the  data  and  the  accuracy  of  Inter- 
polation procedures  for  points  between  the  known  data  points. 
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Figure  3-13 
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b.  VELOCITY  LIMIT  GRAPHS  (Figures  3-22  through  3-29) 

a.  Figures  3-22  through  3-29  are  plots  of  the  velocity  limit  tables 
shown  in  Tables  2-16  through  2-19.  Each  table  is  plotted  on  two  figures. 
The  first  group  of  figures  (Figures  3-22,  3-24,  3-26,  and  3-28)  shows  the 
plots  of  gross  weight  vs  velocity  for  each  table.  The  second  group  of 
figures  (Figures  3-23,  3-2b,  3-27,  and  3-29)  shows  the  plots  of  gross 
weight  vs  fuel  flow  for  each  table.  Again  the  figures  allow  the  analyst 
to  verify  the  consistency  of  the  data.  The  uniform  nature  of  the  curves 
verifies  the  accuracy  of  interpolation  used  in  finding  values  not  listed  in 
the  data  tables. 

b.  It  should  be  emphasized  that  only  a few  representative  figures 
have  been  shown.  For  the  BLACKHAWK  data  175  figures  were  plotted  and 
analyzed.  Other  helicopter  tables  generated  an  even  larger  number  of 
figures  for  study. 
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Figure  3-22 


:igure  3-24 


Figure  3-25 


CHAPTER  4 


METHODOLOGY  APPLICATION 
GENERATING  FLIGHT  PROFILES 

1 . GENERAL 

The  data  tables  discussed  In  Chapter  3 of  this  handbook  can  be  used  to 
quickly  generate  an  accurate  flight  profile.  The  simple  profile  given 
as  an  example  In  this  chapter  can  be  expanded  to  any  degree  of  complexity. 

2.  GENERATING  FLIGHT  PROFILES  (Tables  4-1  through  4-10) 

a.  From  mission  profile  performance  tables  and  experience,  assume 
the  following  facts  about  a flight  are  known: 

(1)  Type  of  aircraft:  BLACKHAWK 

(2)  Mission:  Fly  6000  lbs  of  cargo  from  point  A (air  base)  to 
point  B (drop  off  area)  then  return. 

(3)  Cargo:  2000  lbs  of  the  cargo  Is  an  external  load  that  has  25 
equivalent  square  feet  of  drag. 

(4)  Altitudes  (all  given  as  feet  above  sea  level): 

o At  A:  2000' 

o At  B:  1000* 

o From  A to  B:  3000* 
o From  B to  A:  4000' 
o Speeds:  60  kts  from  A to  B 

120  kts  from  B to  A 

(6)  Temperature:  15°C 

(7)  Distance  from  A to  B:  30  nautical  miles 

(8)  Times:  o Run-up  at  A,  10  min 

o HIGE  to  pick  up  external  load,  15  min 
o Flight  from  A to  B,  30  min  (calculated) 
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o HlbE  to  drop  external  load,  10  min 
o Idle  at  B to  unload,  15  min 
o Flight  from  B to  A,  15  min  (calculatea) 
o Shut  down  at  A,  5 min 

(y)  Empty  Weight:  12,000  lbs. 

b.  The  flight  simulation  could  be  started  by  drawing  up  a table 
similar  to  Table  4-1.  To  obtain  the  entries  for  Table  4-1,  Tables  4-2 
through  4-y  are  reproduced  from  the  earlier  chapters  for  convenience. 

With  these  tables  the  entries  for  Table  4-1  are  obtained  as  follows: 

(1)  Leg  #1:  Using  the  ground  idle  fuel  flow  (Table  4-7)  find  the 
rate  for  2000  ft  and  15°C.  These  intersect  at  509  lbs/hr.  For  10 
minutes,  1/b  of  an  hour: 

Fuel  = 509  X 1/6  = 85  lbs  of  fuel 

(2)  Leg  #2:  Using  the  basic  fuel  flow  for  2000  ft  and  15°C 
(Table  4-3),  find  the  rate  for  HIliE  and  16,000  lbs.  These  intersect 
at  800  lbs/hr.  For  15  minutes,  1/4  of  an  hour: 

Fuel  = 800  X 1/4  = 200  lbs  of  fuel 

(3)  Leg  #3:  Since  there  is  no  basic  fuel  flow  table  for  3000  ft  and 
15°L,  the  tables  for  2000  ft  at  15°C  (Table  4-3)  and  400U  ft  at  15°C 
(Table  4-4)  are  used  to  find  values  for  2000  ft,  15°C,  60  kts  and  18,000 
lbs  (which  is  7b4  lbs/hr)  and  400U  ft,  15°C,  60  kts  and  18,000  lbs 
(which  is  745  lbs/hr).  By  interpolation,  the  basic  fuel  flow  for  3000 
ft,  1 5°C , 60  kts  and  18,000  lbs  is  755  los/hr. 

(4)  Similarly  two  drag  tables  must  be  used.  The  value  for  2000  ft, 

1 5°C , 60  kts  and  25  sq  ft  of  drag  (Table  4-5)  is  16  lbs/hr  and  the  value 
for  4000  ft,  15°C,  60  kts  and  25  sq  ft  of  drag  (Table  4-6)  is  15  lbs/hr. 

By  interpolation  the  correction  for  drag  for  3000  ft,  15°C,  60  kts  and 

25  sq  ft  is  16  lbs/hr.  This  is  added  to  the  basic  fuel  flow  of  755  lbs/hr 
to  give  the  fuel  flow  rate  for  Leg  #3,  l.e.,  755  + 16  = 771  lbs/hr.  For 
30  minutes  of  flight,  1/2  of  an  hour: 

Fuel  * 771  X 1/2  * 386  lbs  of  fuel 

(5)  Since  there  is  a 60  kt  airspeed  for  Leg  #3,  the  velocity  limits 
of  the  A/C  should  be  checked.  Using  Tables  4-8  and  4-9  shows  the  60  kts 
is  well  within  the  various  limits  of  the  A/C. 
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(6)  Leg  #4:  To  calculate  a hover  at  1000  ft  and  15°C,  Tables  4-2 
and  4-3  must  be  used  for  Interpolation.  Table  4-2  gives  a value  of 

889  lbs/hr  for  HIGE,  0 ft,  15*C  at  18,000  lbs.  Table  4-3  gives  a value  of 
875  lbs/hr  for  HIGE,  2000  ft,  15°C  at  18,000  lbs.  Interpolation  gives  a 
value  of  882  lbs/hr  for  HIGE,  1000  ft.  15°C,  at  18,000  lbs.  For  10  min, 
1/6  of  an  hour: 

Fuel  = 882  X 1/6  = 147  lbs  of  fuel 

(7)  Leg  #5:  The  Idle  fuel  flow  rate  at  1000  ft.  15°C  Is  the  Inter- 
polation of  the  values  for  0 ft  at  15°C  and  2000  ft  at  15°C.  These 
values  from  Table  4-7  are  549  lbs/hr  and  509  lbs/hr  respectively.  The 
Interpolation  value  Is  529  lbs/hr.  For  15  minutes,  1/4  of  an  hour: 

Fuel  = 529  X 1/4  = 132  lbs  of  fuel 

(8)  Leg  #6:  The  value  for  fuel  flow  for  120  kts.  12,000  lbs,  4000 
ft  and  15°C  can  be  looked  up  directly  In  Table  4-4.  The  value  where 
12,000  lbs  and  120  kts  Intersect  Is  706  lbs/hr.  For  15  minutes,  1/4  of 
an  hour: 


Fuel  = 706  X 1/4  = 177  lbs  of  fuel 

(9)  Also  using  Table  4-9  shows  the  airspeed  of  120  kts  does  not 
exceed  any  limits  of  the  aircraft. 

(10)  Leg  #7:  The  Idle  fuel  flow  rate  at  2000  ft  at  15°C  Is  In 
Table  4-7.  The  value  Is  509  lbs/hr.  For  5 minutes,  1/12  of  an  hour: 

Fuel  = 509  X 1/12  =»  42  lbs  of  fuel 

(11)  Having  found  the  values  Table  4-1  can  be  filled  In  as  shown  In 
Table  4-10.  A total  of  1169  lbs  of  fuel  will  be  used  on  the  flight.  No 
velocity  limits  will  be  exceeded. 
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TABLE  4-8 


SAMPLE  FLIGHT  PROFILE 


CHAPTER  5 


METHODOLOGY  IMPROVEMENTS 
FUNCTIONAL  USAGE 


1.  BACKGROUND 

The  example  in  Chapter  4 shows  that  even  a short  and  simple  flight 
profile  requires  numerous  look-ups  and  interpolations.  In  the  AMPS  model 
mentioned  in  the  introduction  this  is  done  by  a computer  as  part  of  three 
subroutines  of  AMPS.  But  even  in  such  a model  the  procedure  is  time 
consuming.  A method  of  functionalizing  the  large  data  base  would  be  useful. 

2.  BASIC  FUEL  FLOW 

a.  A functional  set  for  the  basic  fuel  flow  data  has  been  deve- 

loped. Each  volume  of  the  handbook  will  contain  the  functions  for  that 
particular  A/C,  with  its  constants  and  degree  of  accuracy.  In  general, 
four  functions  can  be  used  to  replace  the  entire  set  of  basic  fuel  flow 
tables  for  each  helicopter.  These  four  general  functions  are: 

FF  (HIGE)  = f (GW,  TEMP,  ALT) 

FF  (HOGE)  = f (GW,  TEMP,  ALT) 

FF  (NOE)  = f (GW,  TEMP,  ALT) 

FF  (Forward  Flight)  = f (AS,  GW,  TEMP,  ALT) 

Where  FF  = Fuel  Flow,  GW  = Gross  Weight,  TEMP  = Temperature,  ALT  = 

Altitude,  and  AS  = Air  Speed. 

b.  The  three  general  functions  for  HIGE,  HOGE,  and  NOE  fuel  flow 
are  of  exactly  the  same  form  with  the  only  difference  being  the  con- 
stants of  each  of  the  terms  of  the  equation.  The  general  function  for 
Forward  Flight  has  nineteen  terms  plus  a constant. 

c.  These  general  functions  provide  a high  degree  of  accuracy.  Over 
the  whole  range  of  helicopters  the  lowest  degree  of  accuracy  is  about 
95%  while  better  than  half  of  them  produce  99%  accuracy. 

3.  DELTA  FUEL  FLOW  FOR  DRAG 

a.  The  entire  set  for  delta  fuel  flow  for  drag  tables  can  be  replaced 
by  one  function  for  each  helicopter.  The  general  function  is  of  the 
form: 


AFF  = f (AS,  TEMP,  ALT,  SQ) 


Where  /FF  = Delta  Fuel  Flow  for  Drag,  AS  = Air  Speed,  TEMP  = Temperature, 
ALT  = Altitude,  and  SQ  = Square  Feet  of  Drag. 

b.  The  general  function  for  AFF  has  nineteen  terms  plus  a constant. 
These  functions  produce  an  accuracy  of  95%  or  better. 

4.  GROUND  IDLE  FUEL  FLOW 

a.  Each  helicopter's  ground  idle  fuel  flow  rate  can  be  calculated 
by  a single  function.  The  general  form  of  this  equation  is: 

GDIDLE  = f (ALT,  TEMP) 

Where  GDIDLE  - Ground  Idle  Fuel  Flow,  ALT  = Altitude,  and  TEMP  = 
Temperature. 

b.  These  functions  produce  accuracy  of  98%  or  better. 

5.  GROSS  WEIGHT  LIMITS  FOR  TAKEOFF 

a.  Six  functions  are  needed  to  replace  each  helicopter's  set  of 
gross  weight  limits  for  takeoff.  Each  of  the  six  functions  is  of  the 
same  form: 

GW  = f (ALT,  TEMP) 

Where  GW  = Gross  Weight  Limit,  ALT  * Altitude,  and  TEMP  = Temperature. 

b.  The  only  difference  In  the  functions  Is  the  value  of  the  constants 
change  from  function  to  function.  These  functions  produce  accuracies  of 
95%  or  better. 

6.  FUTURE  DEVELOPMENT 

The  future  loolcs  promising  for  replacing  the  velocity  limits  tables 
by  a small  number  of  functions.  Also  It  may  be  possible  to  have  a smaller 
number  of  functions  to  calculate  gross  weight  limits  for  takeoffs.  As 
additional  functions  are  generated  they  will  be  incorporated  into  future 
revisions  of  the  Flight  Profile  Performance  Handbook. 
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